Feeding cycle-dependent circulating insulin fluctuation is not a dominant Zeitgeber for mouse peripheral clocks except in the liver: Differences between endogenous and exogenous insulin effects.
The master clock in the suprachiasmatic nucleus synchronizes peripheral clocks via humoral and neural signals in mammals. Insulin is thought to be a critical Zeitgeber (synchronizer) for peripheral clocks because it induces transient clock gene expression in cultured cells. However, the extent to which fluctuations in feeding-dependent endogenous insulin affect the temporal expression of clock genes remains unclear. We therefore investigated the temporal expression profiles of clock genes in the peripheral tissues of mice fed for 8 h during either the daytime (DF) or the nighttime (NF) for one week to determine the involvement of feeding cycle-dependent endogenous insulin rhythms in the circadian regulation of peripheral clocks. The phase of circulating insulin fluctuations was reversed in DF compared with NF mice, although those of circulating corticosterone fluctuations and nocturnal locomotor activity were identical between these mice. The reversed feeding cycle affected the circadian phases of Per1 and Per2 gene expression in the liver and not in heart, lung, white adipose and skeletal muscle tissues. On the other hand, injected exogenous insulin significantly induced Akt phosphorylation in the heart and skeletal muscle as well as the liver, and significantly induced Per1 and Per2 gene expression in all examined tissues. These findings suggest that feeding cycles and feeding cycle-dependent endogenous insulin fluctuations are not dominant entrainment signals for peripheral clocks other than the liver, although exogenous insulin might reset peripheral oscillators in mammals.